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MODERN TREND IN 
PRODUCTION COST CONTROL 


> 

: Paper presented to the Institution, Sydney (Australia) 

. Section, by A. E. Newcombe, M.1.P.E. 

> Y subject to-night, like most subjects, may be approached 
g Mix dealt with from many angles. Some of you have 
z probably come along with visions of my giving such a 
3 detailed treatise on cost control and costing systems as will enable 
e you to solve some of your many problems allied to the subject. 
* I do not intend, however, to go into the technicalities of the subject 
= or produce charts and graphical layouts of costing and cost control 
x systems which, no doubt, some of you may be expecting. 

§ On this occasion, I do not intend to speak to you as an account- 
3 ant, but as an engineer. Though I have been in the role of an account- 
ns ant for the past four years, I feel that I have spent too many years 
§ as an engineer to think of myself—shall I say ? one of those cold- 
i blooded accountants, to whom engineers have from time to time 


made reference. After spending about eight years in the shop and 
another eight years in the drawing office, I decided to study account- 
ancy. I do not really know what induced me to take such a step ; 
I may have been influenced by the fact that no matter where I 
went there was always an accountant to bob up to tell’me that I 
could not do this or that, and perhaps tell me that we were losing 
money, or were going to lose money, on this job or that. So very 
likely, I wanted to find out the cause of—what then seemed to me 
to be—all the obstacles. 

I did not go into this new study in a critical frame of mind, nor 
did I have at any time a feeling that the accountant was a superior 
person to the engineer. I felt on one hand that the accountant’s 
place in the business community must be an important one and I 
always felt that he had far more to offer than I could then perceive. 
On the other hand I always remembered two important things. 
First—that it was an engineer who first told the accountant how 
out of date his methods were in the modern world of production, 
and who, after condemning him in strong terms for the vast waste 
of money in compiling useless figures, pointed the way to what we 
now know as Standard Costing. Second—that the accountant had 
the genius of the engineer to thank for the wonderful mechanical 
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accountancy aids at his disposal, in the form of calculators, book- 
keeping machines, tabulators, etc., which are now indispensable 
in any accountancy or costing system. Some of you no doubt have 
been interested enough to make a close inspection of some of these 
machines and I think you will agree with me when I say that for 
mechanical design and production they certainly are something of 
which the engineer should be proud. 

Having made a fairly extensive study of accountancy, particu- 
larly cost accountancy, I wish to-night to give you my impressions 
as an engineer of what the accountant has to offer in connection 
with production cost control. I think you will agree with me that 
generally the executive engineer, as well as other executive tech- 
nicians, have from time to time been somewhat critical towards the 
accountant. On the other hand, I have found from my associa- 
tion with the accountancy profession that the accountant is not 
without cause for criticism of the executive engineer. During the 
course of my talk to-night, I will endeavour to place before you 
some of the arguments put forward by the accountant which are 
still looked upon with suspicion by the engineer. 

At this stage I would like to make one thing quite clear. My 
remarks to-night will be directed towards those industries engaged 
in repetitive manufacture, as distinct from jobbing and outside 
contract work. 

I mentioned previously that the credit goes to an engineer for 
the first public denunciation of the accountancy systems then in 
vogue, and for pointing out their fallacies, stating in general terms 
the line of attack which the accountant should follow and the re- 
sults he should produce. 

Now, the disagreement between the engineer and the accountant 
was a much deeper one than a mere dispute as to accountancy 
technique. It involved a diametrical opposition of viewpoints. 
For centuries the accountant had been working along retrospective 
lines in preparing statements showing the results of the operations 
of last month and last year, in filling, and admirably filling, the 
function of business historian. 

The engineer, on the other hand, had always lived more in the 
future than in the past. Foresight with him was necessarily a 
habit, for obviously he could not wait until the bridge was con- 
structed to determine whether it would withstand the stresses to 
which it would be subjected. The viewpoints of the engineer and 
the accountant were, therefore, diametrically opposed—the one 
looking always to the future, the other always to the past. 

As manufacturing operations grew in size and complexity, there 
developed a great need on the part of the manufacturer for informa- 
tion regarding his costs of operations. Very naturally he called 
upon the professional accountant to lead in the development of 
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systems of Cost Accounting, and, as was to be expected, the account- 
ant followed what was to him the line of least resistance and de- 
veloped this system solely along retrospective lines. 

And then there followed what may be termed an orgy of analysis. 
The accountant was convinced that if he could only furnish a suffici- 
ently detailed analysis of expenditures, all legitimate demands of 
the manufacture for cost information would be met. The result 
was that cards of accounts became more and more elaborate, the 
cost accounting forces became larger and larger, additional calcu- 
lating machines were purchased to grind out more and more pro- 
rations of burden expense, and the factory employees were harassed 
with demands for more and more detailed information as to how 
they employed their time over and above that required for the 
filling in of those elaborate time cards The final result of all this 
misdirected energy was a mass of figures of very little value. 

The manufacturer was presented with statements in the greatest 
detail, showing the cost this month compared with the cost last 
month and the month before that. This information however, 
was of limited value, considered from the stand point of showing 
it where its costs were excessive. This item of cost for instance, 
was lower this month than it was last, but what real significance 
did this information have, when one did not know whether last 
month’s cost represented 95% efficiency or 45%. 


This brings us to the crux of the whole matter. The amount 
expended means very little unless we consider it in relation to the 
value of what was produced as a result of this expenditure. The 
accountant, in a broad sense, was keeping his cost records on a 
single entry basis, and was only keeping one side of the ledger, and 
the wrench that the engineer threw into the elaborate cost machine 
was a demand that the cost records should show both sides of the 
ledger—not only what the costs were, but what they should have 
been. 

It was in December, 1908, that Mr. Harrington Emerson, one 
of the pioneers in the field of industrial engineering in United 
States of America, published his now famous article, which proved 
a very important milestone in accountancy history. In this article, 
Mr. Emerson presented a clear and convincing indictment of the 
job order or the retrospective methods of Cost Accountancy, as 
follows :— 

“There are two radically different methods of ascertaing costs. 
The first method, to ascertain them after the work is completed ; 
the second method, to ascertain them before the work is undertaken. 
The first method is the old one, still used in most manufacturing 
and maintenance undertakings ; the second method is the new one 
beginning to be used in some large plants, where its feasibility and 
practical value have already been demonstrated. 
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“The objections to the old method are not only that it delays 
information until little value is left in it, but that it is wholly 
and absolutely incorrect, mixing up with cost incidents, that which 
do not have the remotest direct connection with them, so that 
analysis of cost statements, as, for instance, repair costs per loco- 
motive mile, does not lead to elimination of waste. 

‘The advantages of the second method are not only that the 
cost must be ascertained before the work is begun, but that the costs 
are divided as to cost units, whether a single element or aggregated 
out of a million separate elements (1) into standard expense and 
(2) in avoidable loss. As the analysis of costs so stated facilaties an 
almost inexorable elimination of inefficient conditions of all kinds, 
standard expense being constantly standardised at new levels— 
wastes, the excess above standard costs, being constantly removed.” 

While Mr. Emerson, as shown in that statement, realised very 
clearly the outstanding defects in the accounting methods in force 
at the time of his article and very clearly foresaw the trend which 
the cost accounting of the future would have to follow to meet 
the requirements of industry, he gave very little information as to 
the accounting technique involved in the application of standard 
costs. 

The application of the principles he laid down involved a com- 
plete revolution in accounting thought and technique and required 
a drastic readjustment of ideas on the part of accountants as to the 
fundamental of cost accounting, and it is not surprising that, as 
far as the accounting profession as a whole was concerned, Mr. 
Emerson’s remarks fell upon barren ground. 


It was not until a few years later that an accountant named 
Charter Harrison became acquainted with Emerson and was very 
completely converted by Mr. Emerson to the principles of Standard 
Costing. Mr. Emerson was an engineer, not an accountant ; and 
it was obvious that to develop an accounting technique which would 
properly apply to Mr. Emerson’s principles called for a more com- 
plete knowledge of accounting procedure than Mr. Emerson pos- 
sessed. Mr. Charter Harrison, possessing the necessary knowledge 
of accounting procedure, eventually brought the work started by 
Mr. Emerson to a logical conclusion, and in the year 1912, designed 
and installed what was probably the first complete system of stand- 
ard cost accounting. Since that time we have witnessed a period 
of amazing development and progress in every class of industry 

eand business: what was acceptable to business management in 
those days, would be nothing short of laughable to them to-day. 

It was in 1909 that Bleriot flew the first plane across the English 
Channel and it was looked upon as no mean performance. Now that 
plane actually got off the ground and it moved forward, but if 
anyone suggested to the management of Imperial Airways or 
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Air Lines of Australia that they use the type of aeroplane of those 
days they would be horrified. It would be far too risky ; as well 
as the great uncertainty of their reaching their destination, no 
means were provided to enable their position to be located from 
time to time, in the absence of land marks, in order to help them 
keep on a safe course. 


If anyone tried to sell a 1908 model motor car to the manager of 
a transport company in which to carry his goods, why, he wouldn’t 
buy them at a pound each. But those motor cars actually started 
and went and very frequently reached their destination. 


We could go on and on mentioned examples of progress. We find 
that with rare exceptions, in every phase of industry an enthusi- 
astic effort is being made to keep right in the fore with all those 
features which command still greater reliability and still better 
control of all things which go to produce those final results aimed 
at by management. But how many a business management in 
these days, among them many engineers, still adhere to the 1908 
model cost accountancy system to control their internal financial 
transactions. From my observations of cost systems in vogue in 
this country in industries with operations of a repetitive nature, 
the number is astonishing As long as their system goes, like the 
old time motor car, those managements seem to be quite satisfied to 
adhere year after year to that very same system which was con- 
demned in 1908 by Emerson. 


Now let us examine what really happens under this antiquated 
system, and compare it with the happenings under the modern 
system, not as engineers and accountants, but as ordinary intelli- 
gent men. Before doing this, however, let us consider first the com- 
mon factors of each system. 

I think it goes without saying that every production unit, 
which sets out to manufacture, is set a definite task. No production 
management can ever hope to get a blank cheque from the General 
Management. 

We will assume that after the initial suggestion by the Sales 
Department, and the subsequent investigations by the design and 
development departments, a decision is reached to manufacture 
certain lines of products. In arriving at this decision, the manufac- 
turing cost will be fixed, the selling price will be fixed, and of course 
the profit will be predetermined for each product. When I say the 
manufacturing cost will be fixed I mean that for every finished 
product delivered from the factory or production department, 
that department will receive credit for that agreed fixed amount— 
no more or less—and so the production manager’s task is set. 

The production manager on receiving orders to proceed on manu- 
facturing, then becomes responsible to produce these products to 
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specification at a definite figure. Over a production period of, say, 
six or twelve months thousands of pounds may be involved accord- 
ing to the class of products and the quantity to be produced. 


I think you will agree with me, when I say that the production 
manager’s foremost thought at this juncture will be a matter of 
pounds, shillings, and pence and—* Will I make the grade?” 
He knows, too, that any request for explanations which might come 
from the directors will be a matter of pounds, shillings, and pence, 
and he realises further that his answers must be in the same language. 


After the preliminary planning we see the purchasing department 
churning out orders for raw materials which start to arrive in due 
course. Labour of all classes is engaged and production gets under 
way. Money starts to flow out at the rate of hundreds or perhaps 
thousands of pounds per week, and the factory debit starts to grow. 
Every pound weight of material issued from the stores, every 
minute of every employee’s time, is money spent ; and the manage- 
ment’s hope and desire is that for every pound thus expended one 
pound’s worth at least will be received in return, either directly 
into the saleable product, or indirectly through the Overhead 
Account. His only means of accounting for this flow of money, which 
is being literally poured into production, is through his system 
of cost records. 


This brings us to the cross roads. We will first travel along the 
road that the majority of the managements take, and see to where 
it leads us. 


Job orders are issued to cover the manufacture of each batch 
of products. All time worked by the operators is recorded on job 
time sheets issued to them for the purpose. All material is issued from 
material requisitions, or in the case of planned production, from 
schedules. Such material, on being issued is recorded in a material 
issued book. Both the job time sheets and the material issued sheets 
are forwarded to the cost office where they are rated from indexes 
and extended on calculators to give the cost value. These sheets 
are then totalled and summarised, by any of the various means, 
and posted to the job cost sheets. Overhead is calculated by one 
of the many mehods in vogue, at the rate usually determined when 
compiling the estimates. 


A summary of production is made at the end of each period, 
it may be one month, three months or perhaps six months, classi- 
fied under Job Order Numbers. From this summary the various 
accounts in the Cost Ledger are posted. From the resultant figures 
the management is then presented with a financial statement of 
production for the period, and broadly speaking, this is what it 
gets :— 
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PRODUCTION STATEMENT 


For PERIOD ENDING 1939 






































Job | Sales | Actual | 
No. PARTICULARS Qty. | credit cost | Gain Loss 
A101 | Product A... ... | 1000 | 2000 1850 | 7 
A 102 » A... | 1000] 2000 1750 | 250 pee 
B 201 . B 1000 | 3000 | 2800 | 200! 
B 202 » B 1000 | 3000 | 2800 | 200 wis 
C 301 « & 1000 | 4000] 3850; 150| 
C 302 “. 1000 4000 3750 | 250 oo 
|Toraus ws. ‘£18000 | £16800 | £1200, 








Now, that statement appears quite satisfactory, it gives the manu- 
turing profit for each product, and the profit on the total operations 
for the period. The statement might go further, if necessary, and 
give the sectional profit or loss of each product for each department ; 
but any division of the final figures along those lines will not affect 
the issue, as will be seen later. 

The statement shows a profit on manufacture of £1,200 or 6.6% 
profit on Sales Department credit or a 7.1% profit on actual manu- 
facturing cost. On receipt of this statement, the management has 
every reason to be satisfied and the argument generally put forward 
is “‘ what more do we want ? ” 

Let us step into the shoes of the management for a moment and 
test its general feelings on the situation. Is it not our final objective 
to find out on which side of the ledger we finish ? Why, of course 
it is. This statement tells us the very thing we want. We must 
confess, however, we were a little jittery before the final figures were 
produced as to the outcome of affairs, but still, as things turned 
out, we all feel quite normal again, and those figures will certainly 
look good in the report to the managing director. Did somebody 
ask how and where we made the £1,200 on manufacturing ? Well, 
it was probably due to increased efficiency in workmanship, material 
prices might have come down, in fact it could have been many things. 
But why go into a trifling thing such as that ? We made a profit and 
that is all we want to know. 

Production continues on through the new period and the manage- 
ment has every reason to look forward with optimism to the results. 
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The cost records flow through the system in the usual way and at 
the end of the period, the production summaries are again compiled, 
the final entries are made in the ledger and a financial production 
statement is once more presented to the management and here it is : 


PRODUCTION STATEMENT 


For PERIOD ENDING 1939 














Job | | Sales | Actual 

No. PARTICULARS | Oty. | credit | cost Gai Loss 
A103 | Product A... | 1000 | (2000) «1850, 150) 
“Ala| ., A... .. | 1000 | 2000 | 21005 —~——s—s«CU00 
B203 |, 8B - - . a 1000 3000 3300 ad 300° 
B 204 =e 3 B hes ens | 1000 ~ 3000 | os 3350 Reads ~350- 
c303|  ,, C ..  ..| 1000] 4000] 4250; | 250 
“C304 = Cc... | 1000| 4000! 4450) =| 450 





| | £18000 | £19500 | £1300 
| | 





This statement shows exactly the same information as shown in 
all previous statements—the profit or loss on production to any 
degree of division we wish. The figures now, however, reveal a 
loss on operations of £1,300 ora 7.2% loss on estimated production 
cost. Let us step into the management’s shoes again, and see how 
we feel now about things. 

Well, something must have happened to give a loss of £1,300. 
We certainly cannot put that in our report to the General Manager 
without giving some explanation. We will have to find an explana- 
tion which will be logical to the General Manager and the Directors. 
So put your thinking caps on and do some hard thinking. The 
first thing we do is call in the accountant and have the figures 
checked ; see particularly that the overhead is calculated correctly, 
and that all transfers have been included in the proper accounts. 
The accountant eventually hands the figures back to us without 
alteration. We then start to think along the lines of a detective. 
The departmental superintendents know we had made a profit on 
production last term. They in turn have probably passed it on 
to their foremen, with the result that the whole place has had a 
tendency to relax. So we start to fix it. 
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We call in all the departmental superintendents and we talk to 
them very directly. The place is not on its toes, more work is re- 
quired from the men, in fact, some of the operators will have to be 
stood off. We tell them that a better effort will have to be made in 
the future or some drastic staff adjustments will have to be made. 
The superintendents leave us feeling very jittery. They in turn, 
call their respective foremen together, and taking their cue from 
us, some more very straight talking is carried out. The foremen are 
told that they must do better with less operators or others will be 
found who can. The foremen then proceed to take it out on the 
operators. We have succeeded in putting the place in a turmoil and 
everybody’s nerves are strained above the normal. 

We next instruct the stock clerk to go through all stock pur- 
chases for the period and see if material prices have varied to any 
appreciable extent. Wage awards are checked and calculations 
are made to show the net effect on production cost of any variation 
thereto. And so on, our investigations continue until we piece to- 
gether some sort of a story that will explain away the loss on pro- 
duction without incriminating ourselves before the Managing Dir- 
ector or the Directors. 

Let us now step back from the scene and ask ourselves a few 
logical questions. Take the statements first. Now, is there anything 
on those statements—for that matter, in any part of the system 
which tell us why and where we made a profit in one instance, 
and a loss in the other? You must admit there is nothing. 

A question may be asked at this point, doubting the impossi- 
bility of locating where discrepancies have occurred. It may be 
pointed out, by someone, that by carrying the division of the state- 
ment to departments, then a further division to sections, then a 
still further division to parts of the product within the section, and 
again another division to operation of those parts, we could then 
have the actual cost of each operation. Yes, if that question was asked 
it would have to be admitted that the “‘ where ” was possible. But 
anyone with but the slightest conception of costing routine could 
imagine the enormous amount of clerical work involved in compiling 
the coutless records and tracking them through the countless 
stages in a production plant of any appreciable size. It makes one 
dizzy merely visualising the scheme. 

That exactly is what happened over a quarter of a century 
ago, when the accountant created that orgy of analysis in his 
efforts to advance his system along retrospective lines. The results, 
as will be remembered, were utterly useless for control purposes 
and the system eventually collapsed under its own enormous ex- 
penditure. So, on the face of that, it would be correct to say that 
the locating of the ‘‘ where ”’ is possible, but extremely impracticable 
under the Job Order System. 
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Some people call a scheme such as that, their cost “ control ” 
system. Can you see any features of control in it ?- There is obvious- 
ly none. Does not that system contain all those features which 
were condemned by engineer Emerson in 1908 ? 

(1) It is a statement of past events. 
(2) The accountant has been carrying out the duties of the 
business historian and nothing more. 


(3) Little value is left in the figures by the time the manage- 
ment received them ; if a loss is shown, well, the money is gone 
and it’s too late to do anything about it. 

(4) It certainly does not point out the existance of avoidable 
loss, nor does it enable the management to fix responsibility 
for inefficiencies. 

When the management was in a happy state of mind over the 
profit of £1,200 and was favourably commended for their good 
effort, the bare fact of the case was, that it was good luck rather than 
good management. When a loss was disclosed and the management 
was looking around for someone to kick, it was just bad luck, there 
was nothing more to it. But tell the management that they were 
just lucky in one case and unlucky in the other and they would 
take it as an insult. I liken them to the professional punter. Meet 
this gentleman after a good day at the races and suggest to him 
that he was lucky. Would not he be grossly insulted? He would 
tell of his system which gave him control over his operations. Meet 
him after a bad day and tell him it was just bad luck. Wouldn’t 
he kick and blame the jockey, the trainer, the owner, in fact prac- 
tically everyone on the race course? Yes, he would behave in 
the same manner as the management in our story, but he would 
never tolerate any suggestion of luck. Well, so much for the Job 
Order method of costing, the system to which so many industrial 
managements still persist in adhering, to “ control” their costs. 

We will now turn to the modern system and see what it has to 
offer. 

From my experience in designing a system of cost control— 
in fact in designing any system—the same method of approach, 
and the same principles are adopted as when designing a machine 
or any piece of mechanism. We must first know what we are after, 
and be able to visualise the finished thing. 

Now, no system can be bought lock, stock, and barrel and in- 
stalled in any industrial orgainisation overnight. The principles 
of a system, of course, in almost every case, will be imported, but 
the actual system must be designed and the details developed on 
the job, in order that (1) it will produce the results required by the 
particular management it is to serve, and (2) the details of the system 
will fit into the organisation so that there will be complete co-ordina- 
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tion between efficient production on one hand and complete control 
of costs on the other. 


We have seen from the previous system that as a control feature 
“actual cost” has no significance whatsoever. So straight away 
the main objective in the Job Order Method —that of finding 
actual costs—is completely scrapped from our new system. 


The argument put forward in support of ‘“ Standard Costs,” 
the very same argument as used by Emerson in 1908, is that the 
management should know what the product should cost before they 
start producing, and what they really want to know from the cost 
systems—and at very frequent intervals too—is the variance from 
standard costs throughout the whole factory, how much, where, and 
why ? 

There you have the slogan of the “‘ standard costs ’’ method of 
Cost Control—‘‘ what are the variances, how much, where, and 
why.” Now I put it to you, not as engineers, but as ordinary 
intelligent people, does that not sound logical? Not only in the 
navigation of an industrial organisation but in the navigation of 
ship or an aeroplane, for example, the same questions, with perhaps 
slight modification, would apply. 

We now know the information the cost system must produce. 
The design of the system can be divided under two headings :— 


(1) Setting the standards. 
(2) Accounting for the Variances. 


We shall first deal with the standards. Under the Job Order 
System it was stated that manufacturing cost of each product 
had to be eventually estimated, submitted to conference with 
the Sales Department and after a decision was reached to manufac- 
ture and market the products those estimates became a “ yardstick,” 
or standard, against which the production department’s operations 
were to be measured. Now if those estimates were compiled in 
the correct manner—I think it goes without saying, that even under 
the Job Order method it would be wrong for the estimating depart- 
ment to resort to guess work—the total cost of each product would 
be built up from operations on the labour side and material quanti- 
ties of parts on the material side. 

The work of compiling standards which will be capable of use 
for cost control purposes, must be carried out with far greater exacti- 
tude than when compiling an ordinary estimate suitable under the 
Job Order System. Straight away it can be seen that in order to 
carry out this work successfully, there will be a demand for better 
organisation. Incidentally, it will be found that in every phase of 
the design and development of a system of Standard Cost an im- 
petus is provided for still better organisation. Now, there is not 
an industry of which I know where better and still better organisa- 
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tion would be anything but an asset. In a plant, which is not proper- 
ly organised, and where there are no definite standard ways of do- 
ing things, it is a practical impossibility to hope to introduce suc- 
cessfully a system of standard costs until the methods in the factory 
are brought into line with modern practice. 


Therefore, before we can hope to compile a set of standards: 
the methods of doing each operation must be thoroughly investi- 
gated, the best way conceivable decided upon, and then correctly 
rated. This can be done only by men who have received proper train- 
ing in process engineering and time and motion study—a branch 
of modern organisation which has become a science. The ordinary 
foreman-type ‘‘ stop-watch-merchant ” is not enough. 

With material, it is required that a complete specification of 
each part as to quantity and quality will be available. This again> 
is something which is merely in keeping with modern practice. 

From what I have said in connection with Standards looms 
another very important feature. Who is going to compile these 
Standards ? One can see that the nature of the work is engineering. 
The average cost accountant is not an engineer and is not usually 
qualified to compile bills of material or material specifications from 
blue prints or go into the technicalities of operations and processes. 
The preparations of all necessary records to show the form, quality 
and quantity of raw material and method of processing those mat- 
erials is clearly an engineering function. So this system demands 
the co-operation of both the engineer and the accountant. While 
the engineer sets the Standards he must on the other hand compile 
them in such form as will be suitable to the accountant for incor- 
poration in the Cost Control System. 

We shall now pass on to the accounting for variances and take 
tirst the materials. 

Material Schedules are compiled for each department for each 
batch of products to be manufactured. Material is issued strictly 
in accordance with these schedules. Any material required in 
excess of that shown thereon will be issued only on presentation of 
special requisitions, stating reasons for the additional material, 
and authorised by specified persons. 

A copy of the material schedules will be costed at standard prices 
and totalled to give standard Material cost for each job. These 
totals will be posted, not to cost sheets in detail as before, but 
directly to their respective job accounts in one figure. The stock 
records will be posted directly from the Schedules, but under this 
system the stock ledger cards will be designed to give, in addition 
to other information, the variances between Standard and actual 
issue prices of each item of material. 

The variances accounts for materials will be posted, from a 
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summary of price variances taken from the stock ledger cards and 
from a summary of excess material requisitions classified under 
the headings of ‘‘ departments ” and “ causes.” 

In accounting for labour practically the same procedure takes 
place. The standard labour cost, only, of all operations will be 
posted to job accounts, whilst the variances, classified as to causes, 
would be posted to the respective variances accounts of each de- 
partment. 

If operators worked entirely on a straight-out-piece-rate plan, 
labour cost control would be extremely simple. Each operator 
would be paid only for the work he did and at standard rates. There 
would not be any variances due to waiting time, inefficiencies or 
spoilt work, as the operator would not be entitled to pay in such 
instances. 

If the plan of wage payment be on a piece-rate basis with a 
minimum wage, or on a straight-out day rate basis, then the daily 
job time sheets would have to be extended to show both the 
standard labour cost earned by the operator and wages to which he 
is entitled. The difference between these two amounts would be 
computed and shown as a labour cost variance. Another labour cost 
variance would be time recorded on the job time sheets as “ waiting 
time ”’ which would be paid for at a day rate. These variances 
would be summarised, and, as mentioned previously, posted to 
their respective accounts. 

The variances accounts would be posted prompt weekly, and a 
weekly report furnished to the management along the following 
lines :— 


PRODUCTION STATEMENT 


For WEEK ENDING 1939 





Dept. ; Dept. | Dept. 



































VARIANCES ! General} A B C TOTAL 

Material, Prices ‘a as | 150 , . | 150 

via Quality pe Me ] 4 50 | a eer os rey 

"Waste... =~. | 2S i«C + 0 | ~——«|«-¢ 200 | +180 

Labour, Rates... ... * am +100 | | “|_| +100 

Wait-time ... — ... || + 50 | + 40 + 30 | “+120 

pe Efficiency | | — 50 | + 50 | —200 | —200 

ot | na | + 50| + 90; — 70| + 70° 
+ Loss. — Gain. 
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Overhead expenses are not mentioned in this report. These 
would be presented preferably in a separate monthly report, with 
which, no doubt, most of you are familiar. 

This report is of an entirely different character from the one 
presented under the job order system. It answers that vital question 
“What are the variances from standard—where and why ?” 
The management can see clearly what increase in expenditure is 
unavoidable—as shown in the first column—and what is avoidable 
—as shown under department headings. 

From a report of this character it will be seen at once that the 
relative positions of the management and departmental superinten- 
dent is now reversed. Instead of the manager calling upon the super- 
intendents for an explanation as to the reasons for any discrepancies, 
he now is in a position to tell his subordinates why the expenditure 
in their respective departments has varied from the allowable 
standard. It does not call for accountancy knowledge for any one 
to imagine the position of the management armed with weekly 
reports along these lines. It must be admitted that it is a position 
of complete control. The manager has no longer to ask “ why” : 
he already knows, and that in itself must be invaluable to any 
management. 

Another feature of a report of this nature is its simplicity of 
compilation. The figures are merely summaries of the original prime 
entries and they have those prime entries to support it. Thus, 
alibis would be useless, as these reports could be very simply 
“ broken down ”’ to similar reports for foremen in terms of indivi- 
duals. Control of the same degree is thus executed down the whole 
tree of the organisation. 

One can imagine that with progressive reports of this character 
compiled in columnar form, the trend of all classes of variances 
for each department can be watched from week to week. In the 
average concern, how much time and money is wasted in looking 
for inefficiencies before they are actually located? Under this plan, 
all efforts are concentrated on removing the inefficiencies—not 
looking for them. 

A cost system operating under these principles has still another 
very obvious feature. The clerical cost of operating it is greatly 
reduced when compared with the job order system. The reason 
can be quite clearly seen from the fact that the system accounts 
for variances only—nothing more. Assuming that the standards 
are correctly set, the more efficient the plant becomes, the closer 
operations approach standard, the fewer will be the variances to 
be accounted for, and obviously the fewer the records to be handled 
by the system the less will be the clerical cost. 

The foregoing are only some of the advantages of a “ standard 
costs ” system, but one can go on and on pointing out similar 
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features. The more one studies the principles of this scheme, the 
more one becomes fascinated with its possibilities, and on the 
other hand the more amazed one becomes at the still widespread 
existence of the old job order system in plants with repetitive manu- 
facture. 

The description given of this modern system of cost control has 
been of the most general character, so much so, perhaps, as to 
make its adoption in any production organisation appear extremely 
simple. Let your minds be disillusioned immediately on that 
score. The system cannot be adopted and installed overnight 
without any thought and without any trouble—with the wave of a 
wand, as it were. There are many difficulties to be overcome, 
but none of them is insurmountable. Its development requires 
solid constructive thinking, but only the same kind of constructive 
thinking necessary to overcome those everyday problems met 
with in engineering. It is hard to think of any accomplishment 
really worth while which did not command those very same efforts, 
and the successful installation of this system is certainly no excep- 
tion. 

Take first the position of the cost accountant under a system of 
this kind. No longer will it be possible for him to sit behind closed 
doors and think of nothing else but debits and credits and balancing 
ledgers. His production costs are not longer in terms of jobs, but 
in terms of standards of operations and processes, and variances for 
departments, sections, and individuals. His vital concern now 
is not accounts, but organisation. Without efficient organisation, 
he knows he will not be able to account for anything. 


But what is the accountant going to do, if there are. no operation 
standards being set, or, if they are being set, not set in the correct 
manner ; or if records of standards are being compiled in a manner 
not suitable for incorporation in the cost control system ? If mat- 
erial standards are not recorded to his liking—if material production 
schedules, are compiled without any consideration at all for the cost 
accountancy department: what is the accountant going to do 
about it ? If production is organised to suit the engineer only, with- 
out any consideration whatever being given to controlling its cost 
—again, what is the accountant going to do about it ?, 

Can anyone imagine an accountant under ordinary circumstances 
—yes, in most engineering production plants of to-day, in our midst 
—daring to venture within the domains of the engineer and even 
suggesting that he, the engineer, keep his records this way, or that 
way, or arrange his production schedules in a slightly different form ? 
You, as engineers, know what would happen to him. The “ im. 
pertinent ” fellow would be literally “ kicked out.” I can remember 
having done some such “ kicking ’’ myself as an engineer, and I 
have been “ kicked ” as an accountant. 
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This brings us to the most important feature under a system of 
‘standard cost.” It is the relationship between the engineer and 
the accountant. They can no longer be back to back, they must 
face each other and work together in complete co-operation. What 
a complete change in the outlook for both engineer and accountant ! 
The accountant on one hand, must now adopt, shall we say, an 
engineering viewpoint in accounting. Part of his training must be 
a sound knowledge of organisation for production. It must be 
admitted that under such conditions, he could not hope to be a 
force without such knowledge. On the other hand, the engineer 
must be trained to appreciate the value of cost control and its vital 
necessity in the organisation. He must appreciate this problems of 
the accountant in his endeavour to accomplish cost control, and be 
prepared to discuss adjustments in production organisation to give 
effect to better control of cost. 

But how is such a complete change in the relationship between 
the engineer and the accountant to be brought about ? One cannot 
imagine the accountant being successful in an attempt to initiate 
such a move. It would be indeed difficult to visualise the engineer 
completely changing his outlook, because the accountant suddenly 
suggests to him that he should. 

The management, and the management only, is the only party 
who could ever hope to accomplish successfully this vital change 
in relationship between the engineer and the accountant. In its 
absolute dependancy in this revolutionary change being successfully 
accomplished, it must be agreed that it is the management who has 
to be sold on this new technique, not an individual person in the 
organisation, the accountant. It is the management who must 
realise the great value of a system of this kind, it is they who must 
be the most enthusiastic party in its adoption. It is they who must 
realise fully that controlling the cost of production is just as im- 
portant as getting production out through the “ back door” In 
short, it is they who must want the scheme and want it badly. 

But, if the management consists of executive engineers or persons 
from other technical professions, how are they going to be sold on 
the principles of standard costs? Well! I am not here as a sales- 
man, so I do not intend to answer that question. 

As I see the qualifications of managements, they should possess 
the capacity and the foresight to know, or to find out, what to ex- 
pect from the latest development offering in every department 
of industry which affects their particular concern, and the account- 
ancy department should definitely be no exception. 

But how many managements treat the accountancy department 
as an exception! How many managements still think of the cost 
accountant as a mere book-keeper, and nothing more ! Why, there 
are hundreds who cannot ever imagine the accountant being vitally 
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concerned about organisation—it does not even look right to them ; 
in fact, the whole line-up of things under this modern scheme, to 
them, does not appear right. The very fact of the accountant 
having authority to “ interfere’ in any way with organisation for 
production, to them, seems to breathe suspicion. 

Now, it has been suggested that this may be a reason why so 
many managements will never even interest themselves in any 
advancement of accountancy technique. 


There have been cases in the past, in other branches of industry, 
where one can instance this lack of vision on the part of managements 
in adopting anything entirely new—anything which alters the whole 
picture, as it were. Remember how hundreds of transport manage- 
ments persistently clung to the old horse and cart in the face of the 
motor vehicle. It was hard for some to ever imagine the absence 
of the sight of horses in their yard, to them—it just looked wrong. 
The same happenings took place in the change over from wooden 
ships to steel ships—from steam to electricity, and in countless 
other cases we saw, from time to time, the same lag in the concep- 
tion of the new, but in practically every case the force of competiti- 
tion drove out the old ideas. 

With the growth of industry in Australia, and the increase in 
size and complexity of production organisation, the very same 
force of competition will eventually drive out inefficient methods of 
cost accountancy for cost control purposes ; for it is obvious that 
the manufacturer who has the greater control of his cost, is in a 
better position to meet competition. Those who neglect the science 
of costing, will eventually find others, more wise, progressing, while 
they are struggling against adversity. 

In conclusion, I say that the accountant has definitely something 
to offer in the cause of efficient production cost control, but, for 
the successful acceptance of this offer he is dependent on two parties, 
namely (1) the management, to give him authority and enthusiasm 
and (2) the production engineer to give him the necessary co-opera- 
tion and co-ordination. 

In short, as an individual, he can be of little assistance to any 
organisation, beyond the balancing of ledgers, but as part of the 
organisation, he becomes a very valuable asset. 
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Discussion 


Mr. J. Dunn: Speaking from the viewpoint of the accountant, 
I understand in standard costing, when the financial statements 
are produced, that the standard cost, no matter whether above or 
below the actual cost, is shown on the cost of production state- 
ment ? 

Mr. NewcomsBE: The standard cost would be shown in the “ cost 
of production statement ’’—variances from standard would be 
shown in a weekly production statement or report. 

Mr. Dunn : I mean manufacturing statement. If the actual cost 
is in excess of the standard, the variance is brought down to one of 
the various accounts, but I want to ask the question—supposing 
the actual is less than the standard, I take it the variance is then 
put to the credit ? 

Mr. NEwcomBeE: Yes, that is so. 

Mr. Dunn: In work in progress, I understand it is brought in 
at the standard and appears in the balance sheet as such. 

Mr. Newcomse: That is correct, under a system of standard 
cost, work in progress is shown at standard cost. 

Mr. Dunn: Well, then, if actual is less than the standard, do 
you think it is the correct method to use ? 

Mr. NewcomsBeE: Any variance of actual cost from standard 
cost is treated as an expense and is transferred to the overhead 
account at the end of the particular period. Such variance is 
definitely not carried forward as work in progress. All variance 
accounts are treated as “ expense ”’ accounts to be absorbed through 
the general overhead accounts. In order to recover expense of this 
nature, which obviously is not included in the overhead expense 
budget, the overhead rate is generally adjusted at the beginning of 
the succeeding period sufficiently to absorb the previous period’s 
variance, if any. 

Mr. 8. D. McPuee: Firstly, in regard to overhead: Mr. New- 
combe has not dealt with that, and I think, if you have the time, it 
would be wise to say a little more about it. After all, variances in 
most modern industries, expenses and overhead, come to about 
one-third of the total cost, and that one-third in modern industry 
comes to about the same as labour and has more possibilities of credit 
and debit than labour costs. That, I think, is the usual experience. 
It seems to me, in a modern system of cost accounting the credits 
and debits in relation to the actual overhead and estimated over- 
head, have important bearing, more important as variances in 
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labour and material have more likelihood of running away and getting 
out of hand if not watched. I think more should be said about 
suggested methods of covering expenses, whether by estimating 
rate per hour for different classes and and rate per hour for different 
departments, or percentage on labour. First of all, a suggestion 
for covering overhead and a suggested method for comparing actual 
overhead per department with estimated overhead. 

The second question is in regard to estimating or fixing standards 
and comparing with actual. Under the older system, estimating, 
in the nature of things, is not necessarily as exact as in the newer 
system. Nevertheless, under the old system, by and large, it was 
frequently found that it would be 1% out on one job or operation, 
on others perhaps 5 to 10% out, but, overall, 1 to 2%. The new 
system, to be of great value, the estimating of standards must be 
extremely accurate and variance from standard, whether up or 
down, may just as readily be due to wrong estimating as to in- 
efficiency in any department. From general experience, I think the 
variance from standard is likely to be a question of under or over- 
estimating, as much as of inefficicncy. 


The reason I think this is that, in the newer industries of Australia, 
our experience is not over sufficiently long periods to enable us to 
know how long it should take for any individual job to be done. 
For the time to be spent on analysis, such as is the case in the older 
countries, the industries here are too small to allow the size of staff 
to analyse methods sufficiently well and to get sufficient data to 
say the estimates are correct and to be quite certain the foreman is 
inefficient because the actual is over the estimated, or particularly 
efficient because under the estimated. I would like to hear what 
Mr. Newcombe thinks of that matter, because, as I see it, with the 
newer system there must be a considerable increase of money and 
time spent on standard costing. 


Mr. NewcomBeE: In regard to the first question—budgets for 
overhead expenses—I pointed out, during the course of my talk, 
that I did not intend to cover this phase of the subject. As under the 
job order method of costing, budgets would be compiled at the be- 
ginning of each financial period, and the control overhead expense 
items would be carried out by compiling monthly budget statements 
showing for each expense item the actual as compared with the 
budget allowance. I purposely omitted the question of overhead 
from my paper because the principles under both systems are, 
broadly speaking, the same. It is with direct labour and direct 
material that standard costing extends control, which is not done 
under the old system. 

As regards Mr. McPhee’s second question about the possibility 
of standards not being correct, the argument is put forward that, 
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in order to create and maintain correct standards, extra expenditure 
would be incurred in the employment of additional people to set 
the standard. 

From my observations, it is not so much the employment of extra 
people, but the correct training being given to people already em- 
ployed in setting operations and processes. Under any system 
somebody has to determine the operations and processes in manu- 
facture. In order that such work could be accepted as standard 
performances, it would be necessary to apply the science of time 
and motion study instead of the old procedure of rule and thumb. 
I said, in my lecture, that time and motion study has become a 
science. From my study of systems in vogue in this country I 
have found that, generally speaking, manufacturing concerns which 
are more or less allied to American or other foreign bodies are the 
only ones which appreciate the value of time and motion study 
to the extent of adopting it as an essential department in their 
organisation. It seems to me that this phase in production procedure 
has yet to be learnt by many concerns in Australia who are not 
attached to bodies or companies in foreign countries. 


With reference to the incorrectness of standards, is it not a fact 
that, under the old system of estimating there is no way of checking 
the correctness of those estimates ? Such estimates are not based 
on any basic principles, but generally are the results of opinions of 
the individual. On the other hand, if standards are set in the correct 
manner, it is an easy matter to check those standards by applying 
laid-down procedure. For example, take the case of the labour 
inefficiency of £50 shown on the weekly production sheet for Depart- 
ment B. Further details of this amount would appear on a subsi- 
diary foreman’s report showing the operations or processes affected. 
The argument put up for this system of accounting for variances 
is that inefficiencies are located and investigation may be carried 
out immediately. Of the operations which make up the £50 defi- 
ciency, three things could have happened, namely, (1) The standard 
may be incorrectly rated ; (2) the operator is not carrying out the 
work according to the standard instructions ; (3) the operator is 
unsuited for the particular work or is personally inefficient. Thus, 
even the course of investigation is laid down with proper standards. 

Instead of looking for the net loss of £70 which would have come 
out under the old system—probably dissected as to departments, 
efforts are concentrated on eliminating the debit items which go to 
make up the net results. One can see by a number of causes both 
over and below standard which go to make up the net result of £70 
debit, how practically impossible it would be to locate the inefficien- 
cies in the factory without the aid of a statement along these lines. 

Mr. E. Moore: How often is a statement such as you indicate 
brought out ? 
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Mr. NewcomsBE: I mentioned that previously—weekly. 


Mr. Moore: It occurs to me that, in order to produce a system 
such as Mr. Newcombe has outlined, a large amount of clerical and 
planning work would be necessary. It does seem that the shop 
costing of completed components would not involve such a terrible 
expense under the schemes outlined by Mr. Newcombe, but I fail 
to see its applicability to the various problems that are met in mass 
production work. Another question is in regard to the amount 
of ticket routine involved in producing such a scheme as Mr. New- 
combe has outlined. 


Mr. NewcomBE: Just what do you mean by “ ticket routine ” ? 


Mr. Moore: In order to get an analysis of the shop position 
each week, it seems that a fairly complicated ticket system is always 
necessary. This seems to be so, as I have studied such systems as 
Mr. Newcombe’s while abroad, and the ticket routine involved in 
them was always sufficient to rule out the general scheme on the 
grounds of cost. Mr. Newcombe’s scheme, I have no doubt, is 
quite an efficient one, but it does seem to me that he has considered 
the accountants from the ground up, and the poor engineer has 
been left with the only alternative of producing his work on a basis 
to suit the costing, rather than by correct engineering methods. 


Mr. Newcomse: The first question was in reference to the amount 
of clerical work involved in a system of standard cost. As I men- 
tioned before, variances from standard only are accounted for, and 
this in itself suggests a reduction in recording as compared with 
the actual cost method, where every item of cost has to be recorded 
and tracked through each stage to the final accounts. 

With regard to Mr. Moore’s second question—the accounting for 
variances in “ work in progress,’—it will be observed from the 
weekly report that practically all the variances shown are taken 
from ‘‘ Work in progress.”” Variances occuring as the work proceeds 
through the shop are “thrown out” from “ work in progress ”’ 
and treated as an expense item and posted direct to “ variance 
account” under the heading of the department and causes. 

Take, for example, labour efficiency variances. Operator’s job 
time sheets for each day are filled in showing operation number, 
quantity and time taken, in the usual manner as under the system 
of ‘‘ actual costs.” In making the extensions, however, for each 
operation, the actual amount due to the operator is computed as 
well as the standard cost of the operation. The difference, if any, 
is treated as an expense item and is “ thrown out,” as it were, from 
work in progress. This question no doubt is, “ does not this involve 
extra clerical work ?”’ No doubt at this point it does involve more 
work, but one must not forget the number of clerical operations 
which are eliminated under this system in comparison. It has been 
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admitted that there are problems to be met when adopting a system 
along these principles. The system definitely cannot be purchased 
from any consulting cost accountant and installed overnight, but, 
once having the principles borne in mind, the details must be de- 
veloped to fit in with both production and cost control requirements. 
As in the case of designing a piece of mechanism, when developing 
the details, there will be that tendency from time to time to drift 
away from the principles and the net final results aimed at, and it 
is an advantage to have someone to supervise such development, 
himself keeping away from details, in order to check any drift 
from actual requirements and keep the construction on the right 
tracks as it were. 

With regard to the possibility of the system becoming too costly 
to operate, it is my opinion that should it be found the case the man- 
agement is to blame rather than the accountant. I think the man- 
agement should place the accounts department on the same basis 
as any other department. All other departments, such as the tool 
department, planning department, production departments, etc., 
have to produce products or service at a certain laid-down budgetted 
figure. The accounts department is very rarely asked to meet such 
conditions. If I were manager, I would ask for certain figures from 
the accountant and I would want the price of producing them. 
Generally speaking the accounts department would be asked to 
produce the following :— 


(1) Cost control : (a) weekly or monthly reports ; (b) monthly 
budget statements ; (c) period statistics. 

(2) Creditors and employees : (a) payroll ; (b) credit accounts. 

(3) Statutory: (a) records for income tax department; (b) 
statistics for government departments ; (c) records for insurance 
purposes ; (d) records for sales tax purposes. 


Having set down the requirements of the accounts department, 
it is for the management to see that that work is carried out and 
also that the cost of operating the department does not exceed the 
budgetted allowance. If, on the other hand, the accountant is 
allowed to install systems indiscriminately without giving any 
thought of expense, it is the management who should be blamed 
for allowing such conditions to exist. 


Mr. Cooke: I can quite understand that a check should be kept 
on labour problems, but I was wondering, in a large organisation 
where a large amount of material is going through, would not a 
check on waste be a better method of showing up what the losses 
are? For argument’s sake, take a firm cutting up 100 ft. of pipe 
per week all the year round on repitition work—I take it that is to 
what you refer, Mr. Newcombe? Do you not think it would be 
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easier and as safe to work on a budget of waste and loss, say in the 
course of a year ? 


Mr. NewcomsBE: As I said before, standard costing system de- 
tails need to be thought over and considered in every respect during 
installation. Mr. Cook’s reference seems to lead me to think he is 
referring to accounting for variance in use of material by some 
method outside the accounting system. 

The method of controlling material issues in repetitive work was 
briefly described in my lecture. Schedules of standard requirements 
would be compiled for each batch of production, and material would 
be issued strictly in accordance. Any material needed in excess 
of that shown on the schedules would be issued only upon receipt 
of a special requisition denoting the reason for such excess and signed 
by some authorised person. This special requisitions would form 
the posting medium to the various variance accounts. If Mr. Cooke 
asks whether control cannot be carried out by means of investi- 
gation, with the aid of a note-book for example, I would say that 
such would be possible as a substitute for the proper accounting 
method. I have seen a number of attempts to exercise control by 
similar means, for example counting the number of operations in 
each department as a means of labour control, but, in every case 
where the records produced do not link up with the financial figures, 
investigation generally leads toa dead end, because of the alibis by 
the people upon whom one tries to fix responsibility. It has been 
proved that, unless the records are based on proper accounting and 
are in terms of pounds, shillings, and pence, the fixing of responsi- 
bility will be difficult and the systems will generally lead to failure. 

Mr. Botanpd: Do you not think Mr. Newcombe, that, in the 
modern manufacturing organisations, a very essential department 
to be established before standard costing can be thought about, is 
a department you mentioned once to-night in passing, which is 
known by various terminology, such as planning department, 
production control department, etc.? The majority of these people 
here to-night are probably engineers, and some have heard about 
this department, but not all would be able to visualise its exact 
scope and its place in the modern organisation schemes. 

Do you not think you should have made it very clear that, 
before a standard costing system can be put into an organisation, 
something must be established which is generally lacking in most 
engineering organisations in Australia, i.e., perfect material control, 
operated through such a department? You mentioned that, for 
a standard costing system to operate, you have to analyse every 
operation and every bit and piece made in the organisation. It 
certainly is most essential, in planning for a standard cost system, 
to have a pretty accurate idea of what is involved in every bit and 
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piece to be manufactured for the ensuing period, and indeed, un- 
less the whole organisation is planning minded and looking forward 
for twelve months ahead to what it will produce, you cannot think 
of establishing a standard costing system. 

Many Australian industries, however, work under manufacturing 
conditions which do not well lend themselves to long-distance plan- 
ning and standard costing. An example of such industries are those 
which compete with American and British products, and which 
only know to-day what will be on the market tomorrow. Such 
industries have to design and produce products in ten to fifteen 
minutes, figuratively speaking, to compete with the latest imported 
products. In U.S.A. and Britain, organisations plan out this year 
what they will produce next year. 

Do you not think you should have made it clearer to the meeting 
that, here in Australia, it is a very tough proposition to establish 
standard costing in many organisations because of the short time 
at the disposal of the planning department to know what they 
are going to manufacture for the ensuing period ? 

Mr. Newcomse : In answering Mr Boland, I still adhere to the 
same principles I have stressed to-night in dealing with concerns 
manufacturing on a repetitive basis. It is indeed hard to imagine 
any firm ever hoping to compete with foreign imports if no thought 
is given to planning. If there are some concerns, as Mr. Boland 
suggests, operating to-day, I think it will be agreed that if those 
firms do not look to the organising and planning their production 
they will very soon find themselves forced right out of the markets 
in competition with overseas products. Only those concerns who 
establish this very essential department can hope to succeed in a 
world of intense organised production. Those industrial under- 
takings which find themselves at a great disadvantage because they 
cannot afford the establishment of a planning department, are 
certainly making a very poor effort to learn and appreciate advance- 
ment in production technique by those overseas competing firms. 

I don’t think the factor of cost comes into the question at all, 
but a matter of training the existing staff in planning technique, 
no matter how small the firm, even to the extent of training the 
foreman to actually do his own planning. I am afraid that those 
firms which have thus far given absolutely no thought to planning 
will soon be in a sorry condition if they do not do something in 
this direction. I am sure that should they take such a step they will 
be able to look to the future with some optimism. 

Mr. Curtis: I would like to ask Mr. Newcombe, as one who has 
used the old style system, whether he could give any idea of the 
relative cost of this new type compared with the old? Personally, 
I am very impressed with it and think it is something we need in 
Australia. 
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Mr. NewcomBeE : Mr. Curtis has put forward a question regarding 
the cost of installing and running a system of standard costs. It 
is possible for a system along these principles to be an absolute 
failure in some firms, and on the other hand a complete success in 
others. Before the system can be judged as a success or otherwise, 
both from the economy angle as well as the control angle, the manner 
of its inclusion and its co-ordination with the whole organisation 
must be considered. 

In putting my case this evening to the engineer, of the account- 
ant’s place in modern industry to-day, I stressed the point that the 
accountant, as an individual, could not hope to be a force at all. 
By this I meant that the problem of cost control must not be one of 
concern to an individual—the accountant—only, but must be 
looked upon as a vital production matter, and a problem to concern 
the whole organisation. If such an atmosphere is successfully created 
and complete co-operation of the whole organisation is readily 
secured, I have no hesitation in saying that the economical opera- 
tion with the desired results will be realised. 

On the other hand, if an attempt is made to install and operate a 
system of standard cost as an accountancy feature only, it is doomed 
to failure. Even if the desired figures are obtained from the system, 
you may depend that they will be costly, but in most cases under 
such conditions the system will be both costly and ineffective. 


Mr. H. M. JoHNstonE: The discussion has indeed been informa- 
tive. One would assume, from what we have heard, that there does 
exist a certain amount of prejudice between the practical manu- 
facturing side and the accountancy side. It should be our task first 
of all to eliminate any suggestion of this kind of thing.. Thirty years’ 
experience of engineering shops has led to the conviction that one 
must recognise, and respect, the value, of every section of an 
engineering organisation, and the part each plays to produce the 
ultimate result for which the organisation exists. 

As engineers interested in production, we are vitally concerned 
with the performance of factory plant, and we must have regular 
and accurate records of how such plant is operating. To this end 
we install pressure gauges, recording meters and timing devices, 
etc., to give us the desired information. These instruments in their 
function act precisely the same as an accountancy and costing de- 
partment does in providing us with the necessary figures which tell 
us exactly how our business machine is operating. To recognise this 
fact and establish complete co-operation in all departments is our 
first step towards improving production efficiency. 

Mr. MoteswortH: I have listened closely to the instructive 
and able manner in which Mr. Newcombe has given his address to 
us to-night, and we all greatly appreciate the enormous amount of 
work it must have entailed, both in the production of the drawings 


319 

















































THE 





INSTITUTION OF PRODUCTION ENGINEERS 
and the actual lecture itself, and we also greatly appreciate the 
able manner in which Mr. Newcombe gave us this lecture and 
answered all the questions which were put to him. I am afraid, at 
the present time, quite a number of us look upon the accountant 
as a necessary evil. My own brother is one of Sydney’s leading 
accountants, and many a time he has given mea headache, but more 
often I have given him one, on the matter of costing. I feel, therefore, 
that this lecture to-night has shown clearly that there must be greater 
co-operation between the production and the costing side of industry. 
I have very much pleasure in moving a hearty vote of thanks to Mr. 
Newcombe for his lecture this evening. 

Mr. W. F. Dawson: I have listened to-night with extreme 
interest to the address by Mr. Newcombe. There are two points in 
his address, one is in reference to the old type of accountant, upon 
which I would like to comment. I quite agree with him on that 
point. My experience with the old type of accountant was most 
annoying. As Mr. Newcombe mentioned to-night, the old type of 
accountant came along, and, when asked about a job probably 
finished two or three months ago, he told how much one had lost. 
It is very annoying to be told something one already knows, perhaps 
exactly how much is not known, but to be told the actual figure 
lost two months after the loss is made, is most annoying, con- 
sidering nothing can be done about it. The present day accountant, 
as Mr. Newcombe so ably pointed out to-night, has a definite place 
with the production engineer. I quite agree with Mr. Newcombe that 
the real start of the whole business is in the planning department ; 
planning and estimating generally, and that is the logical start of it. 


In some firms here in Sydney to-day, a job comes in ; perhaps 
someone in the office receives it and it is then handed to the foreman 
and he is told to do the best he can with it! The best he generally 
can do with a job of that description is to show a big loss when it is 
handed out to him in that fashion. As Mr. Newcombe pointed out, 
if the planning is not done at the start, a loss is shown at the finish 
and I quite agree with him. 

The second point I would mention is that of weekly reviews, and 
that is another point to be considered and with which I quite agree. 
One or two members here to-night tried to draw Mr. Newcombe out, 
and I was glad to see he would not move. One or two baits were held 
out about costing, the amount of detail and expense involved, and 
he was offered one or two baits to get him off the track, but without 
avail. I agree with Mr. Newcombe, too, that the cost of these 
systems is easily borne by the saving they effect. The weekly review, 
or even more than weekly review, is something which should be 
properly organised in every shop. If we wait until the monthly 
account is made up and then review the job, we find it is hopeless ; 


320 











MODERN TREND IN PRODUCTION COST CONTROL 


we do not gain anything, but only become annoyed. I have very 
much pleasure in seconding the very hearty vote of thanks moved 
by Mr. Molesworth to Mr. Newcombe. 


Mr. NewcomBgE: I have to thank you very much for the apprecia- 
tion you have shown and the response, in the form of questions, 
you have given me to-night for my efforts. 


321 











THE INSTITUTION OF PRODUCTION ENGINEERS 


HEAT - TREATMENT OF MATERIALS 


Paper presented to the Institution, Western Section, 
by EF. K. Gadd, M Inst. Met. 


HE last twenty-five years has seen the development of 

I the heat-treatment of metals emerge from something which 

may be described as a mysterious art to a precise and 
important science. Most of the early experiments in heat-treatment 
were made with steel and itis is still true that more is known about 
the heat-treatment of steel than any other alloy. Knowledge of 
methods of improving the properties of many non-ferrous alloys 
by heat-treatment is rapidly being gained, however, and in fact 
the scien‘ ific reasons underlying the treatment of these materials 
has thro vn considerable light on some of the less well understood 
features of steel hardening. 

Thus the discovery by Wilm of the age-hardening properties of 
Duralumin opened up a vast field of research into what is now known 
as dispersion or precipitation hardening and this phenomena is 
now so well understood that a study of the thermal equilibrium 
diagram of an alloy will indicate whether that alloy will be sus- 
ceptible to heat-treatment of the dispersion hardening type. The 
principle underlying dispersion hardening depends on the varying 
solubility of a constituent in the alloy with change of temperature. 
In referring to solubility, solubility in the solid state is, of course, 
meant. 

Now in order to understand this more clearly, it is proposed to 
explain as simply as possible how these so-called thermal equili- 
brium diagrams are produced. Assuming first that a pure metal is 
melted and allowed to cool under very carefully recorded tempera- 
ture control conditions, involving the checking of the temperature 
at fixed intervals of time, a curve called the cooling curve may be 
produced as shown in Fig. 1. It will be noted that while for the most 
part. the temperature drops proportionally to the time increments 
there is a point where the temperature remains constant for an 
appreciable time after which the drop resumes its normal course. 
This “ arrest ” in the cooling curve coincides with the solidifying of 
the metal, and is caused by the fact that at the point of solidification 
heat is released from the metal. In the same way if a curve is pro- 
duced by starting from cold and heating up the metal, again checking 
temperatures at regular intervals a heating curve is produced 
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which will also show an arrest at the point of melting due to absorp- 
tion of heat as the metal passes from the solid to liquid state. 

Now the phenomenon of the release or absorption of heat when a 
metal changes from one state or “‘ phase ”’ to another is made use 
of to construct “thermal equilibrium ”’ diagrams. Consider now 
what is found if a series of cooling curves is prepared from a study 
of two metals melted together to form an alloy. A simple case is 
that of bismuth and tin. Suppose a series of alloys is prepared from 
bismuth and tin ranging from pure bismuth on the one hand to 
pure tin at the other extreme and then a cooling curve is obtained 
from each alloy, observations of temperature being commenced 
when the alloy is completely molten and continued down to room 
temperature. It will be found that most of the alloys will show two 
arrest points, but that there is a particular composition where only 
one arrest occurs. All these cooling curve results may be combined 
in one diagram, and such a diagram is shown in Fig. 2. This thermal 
equilibrium diagram reveals certain very interesting facts. Firstly, 
the alloy 55.0% bismuth, 45.0% tin has a single melting or freezing 
point at 143°C. Other alloys of the series have a melting or “ freez- 
ing” range although the final temperature at which “ freezing ” 
is complete is also at 143°C. The alloy 55.0% bismuth, 45.0% tin 
is called the eutectic alloy (from the Greek meaning easily melting) 
and this phenomenon of the formation of a eutectic alloy is very 
common in many alloy systems. The horizontal line corresponding 
with 143°C. and extending across the whole diagram is called the 
eutectic line below which all alloys of the series are completely solid. 
It may be thought that what the author has so far written has nothing 
whatever to do with heat-treatment and to a point this is perfectly 
true. The object of the foregoing discourse is, however, to familiarise 
the reader with certain well known principles of alloy constitution, 
taking the simple case of an alloy passing from the fluid to the solid 
state. In many alloys, however, thermal changes take place also 
during cooling down in the solid condition and it is these changes 
in the solid state which offer possibilities of modifications of proper- 
ties by heat-treatment. 

Changes of structure in solid metal are revealed by “ arrests ” 
in cooling curve explorations in exactly the same way as has been 
described for changes of state from liquid to solid metal and a simple 
example of a complete “thermal equilibrium ” diagram is shown 
in Fig. 3. Instead of two simple metals we have in this instance 
aluminium and a metallic compound magnesium-silicide. By 
treating the system this way, the diagram may be drawn on one 

lane. 
¥ It will be noted that there are certain features of this diagram very 
similar to the bismuth-tin diagram previously described and includes 
an eutectic point and eutectic line. In the solid state, however, it is 
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observed that there is a line N.N. curving upward to meet the eutec- 

tic line. This line is very important, and reveals certain very 
interesting facts. The line is in fact an index of the solubility of 
the compound magnesium-silicide in aluminium at various tempera- 

tures. At 580°C. 1.6% Mg,Si (ie., 1% magnesium) is soluble, 
whereas at 30°C. only 0.5% is soluble. 

Now Mg,Si is a hardener of aluminium but full advantage of this 
fact cannot be taken without using the change of solubility of the com- 
pound in the aluminium. If an aluminium alloy containing suitable 
proportions of magnesium and silicon is heated to say 500°C. 
and quenched rapidly Mg.Si up to 1.2% is retained in solution in 
the aluminium. The alloy in this condition is still soft (approx. 
8.0 tons/square inch tensile). By re-heating to a comparatively 
low temperature (100°C.) however it is found that the hardness and 
tensile properties are substantially increased (tensile 
15.0 tons/square inch). This is due to the fact that the Mg.Si com- 
pound has been thrown out of solution in an extremely finely dis- 
persed form. If the alloy had been allowed to cool slowly instead 
of being quenched, the particles of Mg.Si would have an opportunity 
to coalesce and the resultant properties would have been much 
inferior. 

Now an examination of an aluminium alloy containing copper 
shows that aluminium copper compounds dissolve in solid aluminium 
with rising temperature and produce dispersion hardening of the 
alloy in a very similar way to that described for the Al/Mg,Si alloy. 
Thus we find that the larger proportion of modern heat-treatable 
aluminium alloys contain copper, magncsium, and silicon as essential 
additions to aluminium to cltain high strength properties. 

One of the most famous of high strength light alloys is Duralumin. 
This alloy which contains magnesium, silicon, copper, and as addi- 
tional elements manganese and iron responds to dispersion hardening 
to a marked degree as shown in Fig. 4. After the alloy is quenched 
from a temperature of 500°C. the alloy is quite soft, but without 
further heat-treatment, hardening of the material proceeds naturally 
over a period of a few days, full precipitation of the hardening 
constituent being complete in about four days. The ageing may be 
accelerated by raising the temperature to 100°C. It may be truly 
said that practically all the modern high strength wrought aluminium 
alloys have been developed from Duralumin variations in composi- 
tion being introduced to obtain certain special features. “ Y ”’ 
alloy containing roughly 4% cu. 1.5% magnesium, 2% nickel 
was developed for its high strength at elevated temperatures and 
is heat-treatable, its full properties being developed after quenching 
from 520°C. and subsequently re-heating to 100°C. for two hours. 
Other alloys such as the well-known R.R. alloys (developed by 
Messrs. Rolls-Royce) including both cast and wrought alloys are 
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also precipitations or dispersion hardening alloys developed from the 
knowledge derived from investigations into the Duralumin type of 
alloy. 

The writer has devoted rather considerable space to a develop- 
ment of the principle of dispersion hardening sometimes called 
age hardening, as applied to aluminium base alloys. This principle 
of dispersion hardening lies behind the hardening of many other 
types of alloys, copper alloys containing beryllium, or aluminium 
and nickel ; magnesium base alloys containing aluminum ; nickel 
base alloys containing beryllium and silcon and numerous other 
types of alloy requiring too much space to refer to in detail. In 
each case the hardening depends on the fact that the alloy contains 
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a constituent which is more soluble in the base metal at elevated 
temperatures than it is at normal room temperature thereby permitt- 
ing the precipitation of the constituent in a finely dispersed form 
throughout the mass of the metal. 

The writer has deliberately avoided so far, all reference to the 
heat-treatment of steel. This would provide material for many 
papers in itself owing to the complexity and vastness of the sub- 
ject. However, a knowledge of the principles of dispersion hardening 
as described above for other materials does help considerably in 
understanding the reasons underlying steel hardening. Fig. 5 
shows the complete thermal equilibrium diagram of the iron-carbon 
alloy system. It will be observed that there are many points of 
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similarity between this system and that shown for other systems 
(for instance Al/Mg.Si). A eutectic composition exists at 4.3% 
carbon and eutectic line (AED) indicates the final freezing temp- 
erature of the various alloys. The most important part of the dia- 
gram however is that showing the various changes of state in the 
solid metal and covering compositions up to just over 1.% carbon 
(see Fig. 6). It is this part of the diagram which tells us so much 
about the possibilities of heat-treatmentof the metal iron when alloyed 
with carbon. It will be observed from this diagram that steels 
having a carbon content up to about 0.4% carbon have three change 
or arrest points. The first change point which corresponds to a 
temperature of recrystallisation varies as the carbon content in- 








'y Solid Solution 
(Austenite) 
Be 


Jy Sold Scbution 
™ fe) 
pr + Solid Selution i J Fe sCoy Solid 


Pp Ss 














Pearle + 
Cementite (Fe,C) 


Ferrife @)+ Pearlite 
600 




















° os to 1-5 
Fig. 6. GREAVES & WRIGHTON 


creases, being just over 900°C for iron with very little carbon and 
about 756°C for 0.4% carbon. The second arrest point is at a 
constant temperature for all alloys up to 0.4°% carbon and corre- 
sponds to a magnetic change point and is not of very particular 
interest from the point of view of heat-treatment. The third arrest 
point is at a constant temperature of 690°C for all the alloys. Alloys 
of carbon and iron above 0.4% carbon and up to 0.89% carbon 
have two arrest points as shown in the diagram and the actual 
alloy containing 0.89%, carbon has one arrest point only at 690°C. 
Above 0.89%, carbon two arrest points appear as revealed by re- 
ference to the diagram. This may appear very complex but an 
endeavour will be made to pick out the more important features 
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and explain their significance as simply as possible. In the first 
place iron and carbon combine to form a compound Fe,C, which 
is extremely hard. This compound Fe,C. is soluble in iron, the 
first stages of solution taking place at 690°C but complete solution 
is not complete until the upper arrest or change point is passed. 
In the case of the 0.89%, carbon composition however the complete 
solution is effected at 690°C. This phenomenon of the dissolving 
of the iron carbide compound in solid iron recalls the similar phen- 
omenon of the solution of Mg,Si in aluminium. Moreover if iron 
carbide is fully dissolved in iron by heating to the upper change 





Fig. 7. 


point and if it could be quenched sufficiently rapidly the resultant 
metal is comparatively soft (again resembling the Al/Mg,Si changes). 
In actual practice however the theoretical quenching rate cannot 
be achieved and the iron carbide tends to be thrown out of solution, 
and is dispersed in almost colloidal form throughout the mass. 
This semi-breakdown of the solution produces great hardness and 
the structure (revealed under the microscope and called marten- 
site) is the essential feature of steel hardening. The typical marten- 
site structure is shown in (Fig. 7) while (Fig. 8) shows the structure 
of soft steel showing laminae of iron carbide and iron. Thus we find 
that all carbon steels may be improved in hardness by heating and 
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subsequent quenching but steels with the higher carbon contents 
will provide a richer solution of the carbide in the iron and give 
the greatest hardness values. 

Now that the thermal equilibrium diagram is understood, its 
usefulness may be appreciated when considering the heat treatment 
to be used for a steel which it is proposed to case-harden. The object 
of case-hardening is to provide a very hard surface to a steel of 
normally tough and ductile characteristics, thus combining hard- 
ness with resistance to shock. To achieve this a steel of low carbon 
content is selected and carbon is introduced into the surface by 
heating the steel in boxes containing a substance such as wood 





Fig. 8. GREAVES & WRIGHTON 


charcoal which on heating liberates gases rich in carbon and these 
gases will penetrate the surface of the steel, raising the carbon con- 
tent. 

It is necessary to raise steel to a temperature in the region of 
900°C to make it receptive to carbon penetration and times of 
soaking at this temperature may vary from a few hours to twelve 
hours or more. The effect of holding steel for long periods at 900°C 
is to cause excessive growth of the grain structure and in this con- 
dition the steel is weak and brittle. 

After introducing carbon into the surface and the subsequent 
slow cooling in the carburising medium the steel will be soft both 
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in case and core. It is therefore necessary to follow up with further 
heat-treatment operations in order to obtain the optimum proper- 
ties from both the core and the case. Owing to the wide differences 
of carbon content of the case and the core the heat-treatment will 
comprise two operations. Firstly a refining operation on the core. 
Assuming the steel to have a carbon content of not more than 
0.2% it will be seen that to re-crystallise such a steel thus removing 
coarseness of structure and to obtain solution of the carbides into 
the iron it is necessary to heat to a temperature in the region of 
900°C and quench in some suitable manner. The case has now to be 
treated and since the carbon content of this will probably be in 
the region of 0.90% a second treatment, quenching from a suitable 
temperature above 690°C is required. Thus the operation sheet 
covering the heat-treatment of a case hardened component will 
refer to “carburise”’ “ refine’ and “ harden.” 


In modern engineering, steels of many types are used. The 
straight carbon type case-hardening steel has many useful applica- 
tions but the greater bulk of steel required for highly stressed 
components consists of steels containing moderate amounts of car- 
bon (up to 0.45%) with additions of other alloying elements such as 
nickel, chromium, tungsten, etc. It is not proposed to go into too 
much detail as to the effects of these various additive metals except 
to say this. With plain carbon steels, mechanical strength may be 
considerably improved by raising the carbon content, but unfort- 
unately at the expense of ductility and resistance to impact. 


By introducing such elements as nickel and chromium, very high 
tensile strengths may be obtained while retaining great ductility 
and resistance to impact. The addition of nickel, chromium, etc., 
to steel has interesting influences on the thermal change or “ arrest 
points. As an example, it is found that nickel lowers the arrest points 
on cooling, and steels containing carbon and nickel may be quenched 
from lower temperatures in the refining and/or hardening operations 
than is possible with straight carbon steels. Chromium renders 
steel more sluggish in its reaction to carbide solution and chromium 
steels require to be heated to higher temperatures than normal to 
effect complete hardening on quenching. The effect of nickel and 
chromium together is remarkable in that after the carbides are taken 
into solution by heating, the retention of these carbides in this state 
is very effective even with moderate to slow rates of quenching. Thus 
it is found that some steels are effectively hardened by air cooling only 
and these steels are called air harending. Such steels are very 
valuable for certain applications where distortion in hardening is to 
be avoided as much as possible. 


Earlier in this paper the author mentioned that hardening of 
steels was due to the partial breakdown of the solid solution of carbon 
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in iron and that if the steel could be quenched sufficiently rapidly 
the result would be a comparatively soft material. 

Now it is possible by adding sufficient alloying elements to steel 
to make it so stable that this soft condition can be preserved, and to 
such an extent that no amount of heating and quenching will sub- 
stantially affect the properties. Such a steel is called austenitic. An 
interesting feature of such steels is that while heat does not afiect 
them, cold work, or abrasion does produce definite hardening. Thus 
we find that it is most difficult to machine austenitic steels, break- 
down of the structure into the hardened condition occurring locally 
where the tool is applied. Fig. 9 shows typical austenitic structure. 


aS ( 





Fig. 9. MONYPENNY 


The author has found in his many years’ experience that there exists 
considerable difficulty on the part of engineers in understanding 
the subtle differences between certain heat-treatment terms, and it 
is proposed to devote a little space in an endeavour to clear up some 
of the difficulties. 

Normalising.—This term refers to heating the steel to its recrystal- 
lisation temperature (the upper change point) and cooling naturally 
in air. This treatment is applied to steels to remove effects of over- 
heating and coarse structure produced by holding the steel for unduly 
long periods at high temperatures. Normalising is use after forging, 
welding, and it is considered advisable to normalise steel where its 
previous history is not known and subsequently to re-heat-treat 
under controlled conditions. 
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Refining.—This is very similar to normalising and the term 
is usually used in reference to the first treatment applied to a steel 
after carburising. The steel is heated to the recrystallisation 
temperature, but is generally quenched in oil or water to obtain 
improved properties. 

Hardening.—Hardening is achieved by heating to the upper 
change point, quenching in oil, water, or in certain steels (air 
hardening type) cooling in air. 

Tempering.—This operation consists in re-heating a steel after 
hardening to some suitable temperature causing partial breakdown 
of the hardened structure. It is used to improve ductility and 
resistance to impact, although in so doing the hardness and tensile 
strength may be somewhat reduced. 

Annealing.—This means in its simplest sense just ‘ softening.” 
It is achieved by tempering the material to a sufficiently high 
temperature to obtain the maximum breakdown of the hardened 
structure. Annealing is often confused with normalising. The differ- 
ence may be appreciated when the case of the air hardening steel is 
considered. In normalising such a steel, heating to the recrystallisa- 
tion temperature and cooling in air will produce hardening since the 
re-crystallisation temperature is only slightly above the temperature 
used for producing maximum hardening. Heating to a temperature 
just short of that where re-solution of carbides is about to take place 
effects the greatest softening of such a steel. In other words, a 
high temperature tempering. 
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Discussion. 


Mr. Frit : I should like to say a few words about “ mass effect.” 
This applies mainly to carbon and low alloy steels when heat-treated 
in fairly large sections, and is due to the centre of the material not 
being cooled quickly enough to obtain a fully martensitic structure, 
and therefore only partial hardening occurs. This can be overcome 
by the addition of elements such as nickel, chromium, molybdenum, 
vanadium, and manganese. 

We have also heard a short description of the heat-treatment of 
carburised steels and I realise that in the time available, Mr. Gadd 
has not been able to include an account of nitriding, as this important 
process could easily be the title of a paper itself. However, perhaps 
a few words about this surface treatment may be useful, in promoting 
a discussion on the relative merits of nitriding and carburising for 
producing a hard “ case.’’ Nitriding is, as most of you know, the 
name given to a heat-treatment process, where the steel is heated 
in a container at a temperature between 450°C. and 600°C. whilst 
ammonia gas is being passed through, and after this treatment a 
hard “ case ” is obtained without any further heating, and therefore 
very little distortion is produced. With the carburisation process 
it is necessary to heat-treat, to refine the “ core’ and harden the 
“case” after the steel is removed from the carburising “ box,” 
and this further treatment is liable to produce distortion. Another 
advantage of the nitrided “case,” over the carburised “‘ case,” 
is that the nitrided “ case ’’ retains its hardness on reheating to a 
temperature as high as 400°C., whilst the hardness of the carburised 
“case” begins to decrease rapidly on reheating to temperatures 
above 200°C. 

Mr. Gapp: It is quite true, it has been impossible to deal with 
“‘ mass effect ” in the time available. Mass effect becomes a serious 
problem with steel in comparatively large diameter sections. It is 
very difficult to obtain uniform properties on carbon steel. I have 
just noted down here an example of mass effect on straight carbon 
steel 0.4% carbon. A | in. bar gives a tensile of 50 tons per square 
inch, while a 4 in. bar of same composition gives 41 tons/ square 
inch after a similar treatment. It is interesting to compare this with 
a nickel chrome steel where a 1 in. diameter bar gives 56 tons tensile 
and a 6 in. diameter bar treated the same way gives 53 tons tensile. 
The drop in tensile figures in the nickel chrome steel is therefore 
seen to be very much less than with a plain carbon steel. The carbon 
steel may be said to exhibit marked mass effect. Mass effect is much 
less evident on the nickel chrome steel. It is usual practice to rough 
machine before heat treatment thus reducing the effect of mass as 
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much as possible. Case hardening with carbon is generally well 
known but nitriding is new to many. I have had nitriding experience 
for eight years covering nitriding operations over a range of tem- 
perature from 48°0 to 620°C., according to type of steel. The opera- 
tion consists of passing ammonia gas through heated and sealed 
containers in which the components are placed. The ammonia 
is split up into hydrogen and nitrogen, the latter unites with the 
steel to form nitrides. The iron nitride is very hard and it retains 
the hardness when cooled down. The advantage of this method of 
hardening is that it is done at a low temperature and you can treat 
finished components. After holding them in the box at the required 
temperature for seventy-two hours the components are hardened 
on the surface, and owing to the low temperature involved distortion 
is practically negligible. That is a tremendous advantage over case 
hardening with carbon where parts are quenched from temperatures 
up to 900°C. with very serious distortion in some cases. 


Mr. Dantes: Nowadays heat treatment is not quite such a 
mystery as it was in olden days. We have all heard of the efficiency 
of the Damascus blade that was so perfect in temper that it could be 
bent till the point met the hilt. They knew something about steel 
in those days. 

Mr. Lusy: In dealing with an alloyed steel I have noticed 
sometimes that it is customary to introduce a treatment during 
machining to prevent distortion. I have in mind a case of alloy 
known as aluminium nickel iron bronze which distorts considerably 
during machining. Is it possible to avoid that with some suitable 
heat treatment. The specification of the material is 3 189. It is a 
high strength bronze. 


Mr. Gapp: I do not know exact details of this particular alloy, 
and it would be necessary to know the exact composition to answer 
the question completely. With the nickel, iron, aluminium bronzes 
owing to the difficulty of obtaining regular properties in the heat- 
treated condition it is customary to supply them in the annealed 
condition. It would therefore be quite safe to re-anneal these alloys 
after rough machining or to give some suitable treatment below 
the annealing temperature to remove manufacturing stresses, and 
thus prevent subsequent distortion. 

Mr. BurcorneE : I would like to know something of the shorter- 
ising process of hardening, also the author’s opinion on the relative 
merits and demerits of case-hardening by the pack process and case 
hardening in the cyanide salt bath. I would like his views as well 
on the use of the cyanide case hardening bath for the final heating 
up before quenching of the higher carbon steels, or steels that have 
been cyanided and taken out and allowed to cool before quenching. 
Can he tell us anything of the effect of the furnace atmosphere 
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upon the surface of high carbon steel and high speed tool steel, as ina 
reducing atmosphere or in an oxidising atmosphere which may have 
considerable effect on the way in which the tool stands up to its 
work ? Also to ask something about copper brazing, in which the 
articles are of steel or stainless steel brazed with copper wire or 
foil in a neutral atmosphere of the order of 1150°C. Would heat 
treatment or normalising be required with steels like 8.11, 8.6, or 
8.1 after brazing ?, 


Mr. Gapp: I am going to start again now with a new paper. 
Mr. Burgoine has put forward some very interesting questions and 
I will endeavour to answer them. Firstly, the shorterising process 
and the tocco process. In America and in this country the two 
names denote the two different ways of doing the same thing. In 
the shorterising process you take a steel of suitable composition and 
raise its temperature by applying a flame to the extreme outside 
surface followed by quenching in water. In the case of a gear wheel 
for instance the gear would be immersed in water except for the 
teeth. Flame is applied to the teeth while slowly rotating the gear, 
each tooth after reaching the desired temperature being immediately 
quenched as it passes under the surface of the water. The result 
is the surface skin of the gear tooth is raised considerably in hardness 
while the core is kept comparatively soft. The process, of course, 
puts considerable stress into the material, and I have always looked 
upon the treatment as probably unsuitable for aircraft work. How- 
ever the process is being used extensively for commercial work. 
The American Tocco process is an improved method of doing the 
same thing. In America crankshafts are treated by heating the 
crankpins by electric induction. Heating is extremely rapid and 
is followed by immediate quenching. The treatment is complete 
in about ten seconds. It is widely used in America for commercial 
work and is also licensed in this country and becoming popular here. 
The disadvantage of the shorterising process is that the hardness 
produced is not very high, probably about 550 Brinell. Whereas 
of course a nitriding operation would produce a hardness of 750/800. 
Nevertheless it is a very useful and interesting means of surface 
hardening. The pack method as against salt bath carburising. In 
my opinion the pack method is desirable although the cyanide 
bath is becoming more favourably recognised by reason of the great- 
er speed of operation. The speed of operation of the cyanide bath 
is offset by the disadvantage in that the salt bath tends to give a 
too high content of carbon in the case. I was not able to develop 
this aspect of case-hardening in my paper to-night. If there is an 
excess over .9°% of carbon in your case, a new and extremely brittle 
constituent is introduced. The salt bath method tends to give these 
high carbon contents, but it must be admitted that cyanide carbur- 
ising is now being extensively used and in many cases very success- 
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fully. The salt bath is very excellent for purposes of heating for 
quenching in the refining and hardening operations. Scaling is 
avoided and even heating reduces the tendency to distortion. In 
heat-treatment I think it is very important that theheating up should 
be uniform. We have found by experience that greater distortion 
takes place when heating up than in the quenching. A cyanide 
or salt bath is to be recommended for the reason that it prevents 
sealing the article which is particularly important in those cases 
where it is impossible to do a finish machining operation on the 
component after final heat-treatment. 

Another point about cyanide bath heat-treatment as compared 
with the crdinary furnace hardening. It is possible to lose carbon 
from the surface by de-carburising due to the furnace gas. With 
the cyanide bath you can adjust the composition of the salt to make 
it neutral or slightly carburising in its reaction thus preventing 
loss of carbon from the surface of the component. 


Mr. Burcorne: Would you control the furnace atmosphere 
only for any particular high speed tool work, or for stainless or 
ordinary steels ? 

Mr. Gapp : I think we are just beginning to understand furnace 
atmospheres. It is a tremendous subject. We have found that the 
furnace atmcsphere has an effect upon the surface condition of 
components in the carburising box although the components do 
not apparently come into contact with these furnace gases. The 
absorption of hydrogen and other gases from the furnace atmosphere 
may, I feel, be responsible for some of the troubles we have in hard- 
ening of steel. 

With regard to the heat-treatment of high speed tools. The old 
method with high speed tools, consisted in covering the tool with 
some suitable material which partly melted in the furnace and 
covered the surface of the tools and prevented scaling on cooling. 
The modern method with high speed tools is to treat them in the 
gas-fired furnace and to take the products of combustion through 
a drying device and pass these back into the chamber where the 
tool is treated. It is found that if you can remove the moisture 
from the gas surrounding the tool and if the gas is also reducing in 
action then scaling and decarburising is very much reduced. 

With regard to copper brazing, I do not profess to know very 
much about this. Parts made from steel and other metals can be 
suitably joined by this process. The operation takes place in a 
muffle furnace, into which ammonia has been introduced. The 
ammonia is split up into nitrogen and hydrogen which provide 
an atmosphere to exclude all possibility of oxyyen. The parts to 
be joined are pressed together and a small strip of copper is placed 
in the vicinity, the whole is heated up to a high temperature, the 
copper melts and fills up the space between the parts in close con- 
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tact thus enabling a joint to be made. It seems an excellent way to 
join metals and it is used extensively for attaching turbine blades 
to shafts in turbine manufacture. Regarding the normalising of 
8.11 after copper brazing. Copper brazing is done at a high tempera- 
ture in the region of 1080°. 8.11 would be seriously affected by 
that operation, the structure is coarsened and in that case I should 
think it advisable to normalise in the region of 900° followed by 
the usual hardening and tempering operations. 

Mr. Moorman : With regard to articles hardened by the Shorter- 
ising process, is any treatment required prior to normalising ? 

Mr. Gapp: With regard to this Shorterising process, I think it 
depends on the kind of steel. In my previous remarks I had in mind 
a nickel, or nickel chromium steel, the properties of which are 
obtained by quenching from approximately 830°C. and tempered 
at 600° to 650°C. By treating the skin you would obtain a high 
hardness on the surface, but would not affect the core properties. 
You would then obtain maximum benefit from the process, namely, 
high surface hardness combined with good strength and ductility 
in the core. 

Mr. Moormay : I think we were using a .45 carbon steel from bar 
previously normalised, and the gears made from the bars come back 
from the Shorter people hardened by their process without distortion. 
It is news to me if it is necessary to give a previous treatment. 

Mr. Gapp: In the case of the straight carbon steel quite good 
properties can be obtained in the core from a simple normalising 
operation without recourse to hardening and tempering, and these 
properties may be satisfactory for the purpose in mind. 

Mr. HinpdE: Would Mr. Gadd discuss the reasons for doing any 
work, e.g., bending, on Duralumin almost immediately after the 
solution treatment ? I would also like him to refer to the practice of 
keeping stocks of Duralumin rivets in a refrigerator. Finally, with 
regard to steel a heat-treatment is often given after any heavy mach- 
ining. Does such a treatment affect the properties of the steel ? 

Mr. Gapp: You have raised a very interesting point, regarding 
the hardening of Duralumin. The ageing takes place at ordinary air 
temperature. In order to use Duralumin to the best advantage, and 
to introduce a working operation, it is common practice to heat the 
Duralumin to its solution temperature, say to 490° to 500°C., and 
in that condition the material, immediately after quenching, is 
quite soft. The air hardening takes place in quite a short time, within 
two hours. After the solution treatment any working operations 
should best be done immediately after quenching, preferably within 
two hours of quenching. In the case of rivets, where it is necessary 
to have a large quantity available for production, it is found desirable 
after the solution treatment to hold the material at much lower 
temperatures than normal. The ageing operation can thus be de- 


338 











HEAT-TREATMENT OF MATERIALS 


layed indefinitely by putting the rivets in a refrigerator and they 
may then be taken out for use as required. Regarding the heavy 
machining of steel, it is the practice in aircraft work to do some form 
of heat treatment after the bulk of the material is removed. This 
may take the form of a low temperature tempering which does not 
affect the mechanical properties of the material but will operate to 
relieve the machining stresses. 

Mr. WituiaMs: Certain case-hardened parts made of 8.6 have 
been satisfactory for over eighteen months, but some of the parts 
have now turned out to be hard right through. Is this due to the 
process or an alteration in the process or is it due to a variation of the 
properties of the 8.6. It has been used for the last six years. 


Mr. Gapp: §.6 is not normally used as a case hardened steel. 
The carbon range in the specification range is rather wide, and, of 
course, if you get to the higher carbon limit and you refine and 
quench in the usual way it is quite possible to get it hard right 
through. Furthermore, I believe it is common practice nowadays 
for the steelmakers to introduce nickel up to 1.0% to improve 
impact. You have therefore an alloy steel which will harden quite 
freely with quenching, and I suggest, what has probably happened 
in your case is that you are now getting a steel with a higher content 
of carbon and possibly also with a nickel addition. 


Mr. WALKER: I would like to have explained something about 
a special steel which is sold as capable of being given a hard case 
by a simple water quench, the core being soft, just the same as the 
case hardening process. The reason why I enquire is that in the 
work on which I am engaged we cannot wait the time for ordinary 
case-hardening, where you put it ina box and have to wait wondering 
when you will get it. 

Mr. Gavp : I do not know this particular steel, but I can imagine 
that a steel could be produced which owing to its mass effect features 
would meet the case described. I recall a case in point where a steel 
was supplied to a specification calling for certain mechanical proper- 
ties without specifying chemical composition. The steel supplied 
being low in nickel and chromium contents did not meet the mech- 
anical tests by oil quenching, and water quenching was resorted 
to. The result was a high hardness on the surface dropping rapidly 
to the core. This may indicate how the steel referred to by Mr. 
Walker has been developed. 

Mr. Gites: Just one question on heat treatment. Is it possible 
to re-treat satisfactorily, or is it not possible. How many times can 
it be done ? If a press tool, which was subject to shock, had to be 
modified and altered to make it workable, the hardness would have 
to be eliminated by softening. When that tool is re-hardened, 
would the structure of the steel be affected ? 
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Mr. Gapp: ‘This question of the permissible number of times 
of re-heat treatment has been raised on many occasions. I have seen 
some figures put forward in which a steel has been retreated about 
a dozen times without any apparent detrimental effect on the steel. 
In actual fact, to be on the safe side, it is recommended for aircraft 
work that a steel is heat-treated not more than twice. The question 
of re-heating press tools which are subject to shock. When you get 
an alteration or modification you want to let the steel down to 
work it. Would the properties of the steel be affected ? No, because 
you anneal, machine, and completely re-treat it. It might be ad- 
visable to use a salt bath for the re-treatment operation to avoid 
distortion and scaling. 

Mr. Bevan: I expect some people have noticed a peculiar kink 
in the Izod curve for the nickel chrome steels. 

Mr. Gapp: The majority of the nickel chrome steels, after 
quenching from a normal heat-treatment and subsequently re-heated 
for tempering, pass through a stage where the Izod drops consider- 
ably, and that fact is now fairly well known. It is the usual practice 
to avoid tempering in the dangerous temperature range which is 
somewhere in the region of 300° to 450°C., the actual temperature 
varying according to the composition. The tendency for steel to 
produce a brittleness is reduced by the addition of molybdenum, 
and in most high tensile aircraft steels, molybdenum is added by the 
steelmaker. I might add that in many aircraft steel specifications, 
a brittleness test to be made by the steelmaker is specified. 


Mr. Lusty: There is a certain time to be allowed for soaking 
and could Mr. Gadd give us a definite idea as to what that time is ? 
Is there any advantage in re-hardening a steel after machining or 
is it detrimental ? 


Mr. Gapp: As regards the soaking time, it is the usual practice 
for a furnace to be already at the temperature for hardening before 
the parts are introduced into the furnace. No adjustment to the 
burners is made, but the parts are allowed to come up naturally 
to the furance temperature. The man in charge knows from ex- 
perience when the parts reach the required temperature and then 
adds ten to fifteen minutes for soaking for small to moderate sized 
parts. If the part is large it may be given more time, so that 
large parts might be given up to three-quarters of an hour. It is 
mainly a question of experience. As regards any advantage to be 
gained in giving a re-heating after machining ; it depends upon how 
much material is taken off. Where considerable material has to be 
removed it is advisable to retreat after part machining. Normalising 
would not be required in the ordinary way. 


A vote of thanks to Mr. Gadd concluded the proceedings. 
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